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Abstract 
Characteristic of Fast Suspension Bed (FSB) flue gas desulfurization have been experimentally investigated. The 
influence of operation parameters on SO2 removal has been investigated. The approach to saturation temperature and 
the mole ratio influence SO2 removal strongly. The optimum operating parameters have been got. The optimum 
approach to saturation temperature is about 10℃, the optimum mole ratio 1.5. 
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1. Introduction  
Various technologies for flue gas desulfurization (FGD) can be classified into three different types: 
wet scrubbers, semi-dry processes and dry processes [1]. Wet scrubbers have been widely 
commercialized in industry achieving SO2 removal in excess of 95%. However, this kind of technology 
generates a large amount of wet solid waste and requires waste water treatment. It also involves 
complicated configuration and costly operation [2]. Dry FGD systems are attractive compared to wet 
scrubbers in terms of cost because they do not require water and reheating energy. Nonetheless, this type 
of process has not yet been widely used due to high sorbent cost and low SO2 removal efficiency. 
Therefore, various semi-dry processes have been developed to avoid the disadvantages of wet scrubbers 
and dry FGD techniques. Even so, SO2 removal efficiency of semi-dry scrubber is lower than wet 
scrubber, which may lead to not meet environmental regulation in some occasion [3]. 
 
* Corresponding author. Tel.: +86-531-8839-9596 ; fax: +86-531-8839-9598 . 
E-mail address: wnh@sdu.edu.cn . 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the organizing committee 
of 2nd International Conference on Advances in Energy Engineering (ICAEE). Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1666  Xiaoping Zhang and Naihua Wang\ / Energy Procedia 14 (2012) 1665 – 16702 Author name / Energy Procedia 00 (2011) 000–000 
Spray-dryer and circulating fluidized bed (CFB) FGD processes are two traditional semidry processes. 
Spray-dryer process has been extensively tested. However, a great drawback of this method is its large 
space consumption in order to maintain long flue gas residence for desulfurization reaction and slurry 
droplet evaporation, as well as to meet the requirement for the complicated slurry system [4]. Circulating 
fluidized bed is also widely used for flue gas desulfurization; however, the choking phenomenon widely 
occurs due to unsteady flow in the bed [5]. 
 In this paper, a fast suspension bed (FSB) FGD scrubber was developed aiming to removal efficiency 
as high as those of wet scrubber with effective cost. This FSB scrubber can enhance both gas-liquid and 
gas-solid reaction with an innovative flue gas distribution apparatus. Also, this scrubber can prevent 
choking due to lime slurry impinging onto the scrubber inner surface. Effect of operating parameters 
including Ca/S ratio, approach to saturation temperature, flue gas flow rate and slurry particles diameter 
and distribution on SO2 removal efficiency were investigated. Moreover, mechanism of desulfurization 
reaction was analyzed.  
2. Experimental 
The experiment system consists of simulation flue gas system, lime hydration system, SO2 scrubber, 
fabric filter and data acquisition system (Fig. 1). Chemical and physical characteristics of sorbent are 
presented in Table 1. Lime was stored in the slurry tank after hydration. Sauter diameter of the lime slurry 
is 50~70μm. SO2 was added into the mixing tank after a flow meter to meet the concentration. SO2 
concentrations were measured with MSI-2000 flue gas analyzer. Temperatures were measured with type 
K thermocouples through HP34970A Data Logger. Welt bulb temperature of the flue gas was measured 
at the outlet of the scrubber. Lime slurry and water flow rates were measured with rotor flow meter and 
adjusted with speed-regulating motors.  
 
Fig. 1. Experimental setup 
3. Results and discussion 
The reference condition were: Ca/S ratio 1.5, scrubber inlet temperature 150oC, flue gas flow rate 2000 
m3/h, inlet SO2 concentration 3000 mg/Nm3, and approach to saturation temperature 10oC. When effect 
of one parameter on SO2 removal efficiency was studied, other parameters were kept constant. 
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3.1. Selection of sorbent 
Two types of lime were selected as sorbent, one from Fuyang and another from Xiaoshan. Chemical 
ingredients and physical characteristics of limes are shown in Table 1. It is found that SO2 removal 
efficiency was 67% with Xiaoshan lime, whereas 80% with Fuyang lime under reference condition. So 
Fuyang lime was selected as SO2 sorbent in this study. 
Table 1. Chemical ingredients and physical characteristic of limes 
Lime  Xiaoshan Fuyang  
Ingredients CaO MgO Fe2O3 SiO2 Al2O3 others CaO MgO Fe2O3 SiO2 Al2O3 others
 85.3 1.5 0.8 0.20 0.59 11.91 87.6 0.72 0.60 0.25 0.81 8.46
Diameter (µm) <3.15 <3.92 <5.85 <2.57 <3.17 <4.87 
Percentage (%) 10 50 90 10 50 90 
Real density (g/cm3) 2 2
Apparent density (g/cm3) 0.7881 0.7502
Porosity rate inside the particles (%) 10.6 18
Porosity rate between the particles (%) 34.0 29.2 
Specific area (m2/g) 6.6366 10.8493 
3.2. Effect of operating parameters on SO2 removal efficiency 
In semi-dry SO2 removal process, effect of operating parameters on desulfurization reaction is mainly 
through reaction rate, reaction time and reaction surface. During drying period, reaction rate is controlled 
by gas phase mass transfer resistance, liquid phase mass transfer resistance and lime dissolve resistance. 
Reaction time relies on the lime slurry particles evaporation.  
3.2.1 Ca/S 
It can be seen from Fig. 2 that SO2 removal efficiency of the scrubber increases almost linearly with 
Ca/S ratio when it is less than 1, and become smooth after that. SO2 removal efficiency of fabric filter is 
about 10%～20%. Mass concentration of calcium ion in the lime slurry increases as Ca/S ratio increases 
which reduces liquid phase mass transfer resistance and increases liquid film mass transfer coefficient. So 
that SO2 removal efficiency increases. Ca/S ratio has great effect on SO2 removal efficiency of the fabric 
filter. Gas and solid phases closely contact on the fabric filter surface. SO2 concentration on the particle 
surface is the same as that in the flue gas and the gas phase mass transfer resistance of SO2 is not 
significant.  
3.2.2 Approach to saturation temperature 
Thermodynamic process in the FSB scrubber can be considered as adiabatic humidification due to its 
fine insulation. Approach to saturation temperature indicates extent of flue gas approaching saturation. It 
can be seen from Fig. 3 that SO2 removal efficiency increases significantly with decrease of approach to 
saturation temperature. When the approach to saturation temperature decreases, relative humidity of flue 
gas increases, evaporation rate of lime slurry particles decreases and liquid particles survival time is 
extended. Ion reaction of SO2 with Ca(OH)2 in the liquid phase is very fast, so SO2 removal efficiency 
increases significantly. On the other hand, lower approach to saturation temperature implies more water 
injected into the scrubber which increases reaction surface and enhances reaction in the scrubber.  
When approach to saturation temperature increases, relative humidity of flue gas and water content of 
sorbent increase, so does SO2 removal efficiency of fabric filter. For gas solid desulfurization reaction, 
solid diffusion through ash layer is the rate control stage. Adsorbed moisture on the solid surface 
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decreases diffusion resistance and improve SO2 diffusion into the sorbent, so that SO2 removal efficiency 
of the fabric filter increases. 
 
                   
Fig. 2. Influence of mole ratio on SO2 removal efficiency                         Fig. 3. Influence of approach to saturation temperature on 
         SO2 removal efficiency 
Even though lower approach to saturation temperature can increases total SO2 removal efficiency 
significantly, too small approach to saturation temperature will bring a series of economy and safety 
problems. The lower approach to saturation temperature, the longer drying period, and the higher 
scrubber needed. If the scrubber height is kept constant, water cannot evaporate completely when it goes 
away from the scrubber which leads to corrosion due to lime slurry bonding to the scrubber and the fabric 
filter. On the other hand, desulfurization products, especially CaSO4 will form cement-like material when 
combining with water which will block the fabric filter. Normally, approach to saturation temperature is 
about 10oC considering issues above. 
3.2.3 Flue gas flow rate 
Velocity and residue time of flue gas under different flow rate are shown in Table 2. 
Table 2. Flow rate, velocity and residue time of flue gas  
Parameters Value
Flow rate (m3/h) 1500 2000 2500
Velocity (m/s) 3.4 4.5 5.6
Residence time (s) 5.2 4.0 3.2
Flue gas velocity and residue time in the scrubber change with the flow rate. It can be seen from Fig. 4 
that when residue time in the scrubber decreases, SO2 removal efficiency in the scrubber decreases 
slightly and SO2 removal efficiency in the fabric filter is almost constant. With the increase of flue gas 
velocity, turbulence will increase and mixing will be intensified which benefit SO2 diffusion in gas phase 
and SO2 removal. But, with the increase of flue gas velocity, steam diffusion in the gas phase and 
evaporation of water will be accelerated. Moreover, with a constant scrubber height, residue time of flue 
gas in the scrubber will decrease which decreases SO2 removal. In the scrubber, reaction is mostly gas 
liquid before slurry being dried. Gas liquid reaction time is very short, so flue gas residue time has little 
effect on gas liquid reaction in the scrubber. Flue gas residue time effect is mainly on gas solid reaction 
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period which is not strong. Even gas solid reaction period is short, SO2 removal efficiency will not change 
much. 
3.2.4 Flue gas temperature at scrubber inlet  
                   
Fig. 4. Influence of flow rate on SO2 removal efficiency                    Fig. 5. Influence of inlet temperature on SO2 removal efficiency 
It can be seen from Fig. 5 that SO2 removal efficiency increases with increasing scrubber inlet flue gas 
temperature. Slurry temperature increases when increasing scrubber inlet flue gas temperature due to heat 
transfer. On one hand, temperature increase of gas and liquid phases will decrease SO2 solubility and 
absorption. On the other hand, temperature increase of slurry will increase ions diffusion and SO2 
absorption. The most important is that when the scrubber inlet flue gas temperature increases, water 
injection will increase. Slurry particles and reaction surface area will also increase which leads to higher 
SO2 removal efficiency. 
In order to further understand impact of scrubber inlet flue gas temperature on SO2 removal efficiency, 
axial SO2 concentration distribution in the scrubber under 150oC and 200oC were studied. The results are 
shown in Fig. 6. SO2 concentration decreases quickly at the scrubber lower part, which corresponds to 
lime slurry particles drying stage of 1.5s. In the scrubber part higher than 6 m, SO2 concentration decrease 
is quite slow where liquid slurry particles have already dried and reaction rate is quick slow. SO2 removal 
efficiency is higher (81.6%～83.3%) at higher scrubber inlet flue gas temperature due to water injection 
and drying period increasing.  
3.2.5 Lime slurry particle diameter 
Impact of lime slurry particle diameters on SO2 removal is shown in Fig. 7. When the diameter is 
smaller than 50µm, SO2 removal efficiency of scrubber increase significantly as slurry particle increase. 
When the diameter is larger than 50µm, SO2 removal efficiency of scrubber increases slightly and then 
becomes stable as slurry particle increases. SO2 removal efficiency of fabric filter decreases with slurry 
particles increases due to reaction surface area decreases of in the fabric filter. Impacts of lime slurry 
diameter on SO2 removal efficiency in constant drying stage are through two aspects: as slurry diameter 
increases, drying period increases but reaction surface area and external mass transfer rate decrease. 
When the diameter is less than 50µm, drying period dominates SO2 removal efficiency. When the 
diameter is between 50~100µm, both effects almost counteract with each other. When diameter is larger 
than 100µm, external mass transfer rate is control stages of the reaction. So, there must be an optimal 
range of slurry particle diameter which is between 50~100 µm based on this study. 
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 Fig. 6. Distribution of SO2 along spray tower                               Fig. 7. Influence of initial slurry diameter on removal efficiency 
4. Conclusion 
Characteristic of Fast Suspension Bed (FSB) flue gas desulfurization have been experimentally 
investigated. The influence of operation parameters on SO2 removal has been investigated. Approach to 
saturation temperature and Ca/S ratio have significant influence on SO2 removal efficiency. SO2 removal 
efficiency increases significantly with decrease of approach to saturation temperature and increases of 
Ca/S ratio.  Estimating economy and safety aspects of the FSB-FGD, The optimal operating parameters 
have been got. The optimal approach to saturation temperature is about 10oC, the optimum Ca/S ratio 1.5 
and the optimal slurry diameter is 50µm. SO2 removal of this innovative FSB-FGD process is higher than 
90%. It is not only suitable for newly built boiler but also for retrofit of boilers now in use. 
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